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MONITORING THE FUNCTIONING OF A
CYLINDER CUT-OFF IN INTERNAL
COMBUSTION ENGINES HAVING MULITTPLE
CYLINDERS

BACKGROUND INFORMATION

[0001] The invention relates to monitoring the cut-off

function of individual cylinders or cylinder groups 1n inter-
nal combustion engines having multiple cylinders.

[0002] In multi-cylinder internal combustion engines, it 1S
known to cut off individual cylinders or cylinder groups
during partial engine operation or, 1n other words, to switch
between full engine operation using all cylinders, and partial
engine operation using only a part of the cylinders, such as
only one cylinder group of a V-engine. As a result of the
cut-off, the remaining cylinders which are still operating 1n
partial engine operation are operated with increased cylinder
charge when compared to full engine operation, and thus at
improved efliciency, resulting 1n better fuel consumption.

[0003] The cut-off may be implemented, for instance, by
deactivating the gas exchange valves, e.g., those valves
controlling the change of the cylinder charge. For example,
the intake valve as well as the exhaust valve of the particular
cylinder are closed for the duration of the deactivation to
cifect the cut-off.

[0004] In this context, the particular problem may arise
that 1n those cases where full engine operation 1s desired, the
gas exchange valves of one or more cylinders are 1incorrectly
deactivated. Likewise, the opposite mistake may occur,
namely that the gas exchange valves of one or more of the
cylinders to be cut off are not properly deactivated when
partial engine operation 1s desired.

SUMMARY OF THE INVENTION

[0005] The invention on which the claim is based makes
it possible to monitor whether the valves of the cylinders
capable of being shut off are properly activated during full
engine operation, and whether, 1n partial engine operation,
the valves of the cylinders to be shut off are properly
deactivated.

[0006] This allows, for instance, in the case of undesirably
deactivated gas exchange valves, to additionally cut off the
fuel mjection of the respective cylinders, so that an over-
enrichment of the fuel/air mixture for the remaining cylin-
ders may be prevented.

[0007] If no counter-measures were taken when the gas
exchange valves are undesirably activated, the fuel 1njection
of the cylinders to be cut off would be properly switched off.
The undesirably active gas exchange valves cause an undes-
ired rate of airflow through the cylinders to be cut off, which
1s effectively missing in the properly functioning cylinders.
Since the control device calculates the fuel quantity for the
properly functioning cylinders as 1f they were to process the
entire air quantity, these cylinders are metered too much
fuel, which results 1n deterioration in the emission behavior
and 1n the performance of the internal combustion engine.
Here, too, the amount of fuel metered to the properly
working cylinders may be corrected as a counter measure.
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[0008] An exemplary embodiment of the invention is
hereinafter explained with reference to the Figures.

0009] FIG. 1 shows the technical field of the invention.

0010] FIG. 2 shows a flow chart as an exemplary
embodiment of the method of the present invention.

[0011] In FIG. 1, “1” represents an internal combustion
engine having a combustion chamber 2, fuel injector 3,
intake valve 4, intake valve actuator 5, exhaust valve 6,
exhaust valve actuator 7, intake manifold 8, throttle valve 9,
sensor 10 for throttle valve angle alpha, air mass flow meter
11, 1intake manifold pressure sensor 12, engine temperature
sensor 13, speed sensor 14 and lambda sensor 15 1n exhaust
pipe 16, as well as an electronic control device 17.

[0012] The electronic control device processes the signals
shown concerning intake-air mass ML, throttle valve open-
ing angle a, intake manifold pressure p, engine temperature
tmot, rotational speed n and fuel/air mixture composition
lambda, to form control signals for the internal combustion
engine, for mstance, to form fuel 1njection pulse widths ti,
ignition signals etc. In FIG. 1, the control device also
ogenerates signals EVS and AVS, which determine the acti-
vation and deactivation of gas exchange valves 4 and 6, and
thereby the cylinder cut-off. The specific implementation of
the valve actuation, whether hydraulic, mechanical, or con-
trollable either individually or as a group, 1s not decisive.
Essential 1s that the control device can activate and deacti-
vate the intake and exhaust valves.

[0013] FIG. 2 shows an exemplary embodiment of the
method of the present invention. After the diagnostic pro-
oram 1S launched, 1n step 3.1, a first signal NLS for the air
mass flowing into the internal combustion engine 1s formed
from throttle opening angle o and signals EVS, AVS about
the activation of the gas exchange valves.

[0014] In step 3.2, a second signal HLS for the air mass
flowing into the internal combustion engine 1s formed from
intake-air mass ML. The sequence for forming of NLS and
HLS may also be reversed. In step 3.3, the amount of the
difference 1s calculated from the first and second air mass
signals and 1ts absolute value 1s compared with a threshold
value S. If, for example, the difference amount 1s smaller
than the threshold value, the cylinder cut-off function 1is
deemed operative (step 3.4). If the amount is greater than the
threshold value, an error message 1s generated 1n step 3.5.

[0015] Instead of using the difference, it 1s also possible to
compare a quotient, derived from signals HLS and NLS, to
a predefined reference value. If the quotient 1s approximately
1, the cylinder cut-off function 1s operative.

[0016] A significant deviation from value 1 signals a
malfunction in the activation or deactivation of the cylin-
ders. The extent of the deviation, which allows differentia-
tion between an operative and a malfunctioning cylinder
cut-off function, can be determined by bench testing and
stored 1n electronic control device 17 for later use during the
operation of the internal combustion engine.

[0017] The generation of the first air mass signal 1s based
on the assumption that the cylinder cut-off function 1is
operative. If the cylinder cut-off function 1s indeed opera-
five, the first air mass signal derived from throttle opening
angle alpha and control signals EVS, AVS, will then also
correctly reflect the actual cylinder charge. It 1s also possible
to take intake-manifold pressure p into consideration in
forming the first air mass signal, either alternatively or in
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addition to throttle valve angle alpha. Engine speed n may
also be considered 1 forming the first air mass signal, but
only additionally, not alternatively. The actual cylinder
charge 1s also reflected 1n second air mass signal HLS,
irrespective of which control signals EVS, AVS are used 1n
the electronic control device. In other words: Optimally, if
the valve control 1s operative, the first and second air mass
signals do not differ, which, via step 3.3, leads to the result
of step 3.4.

[0018] According to the present invention, for monitoring
purposes, two signals which supply a measure of the air
mass flowing into the internal combustion engine are thus
compared.

[0019] The second signal is provided by an air mass flow
sensor, such as a hot-wire or hot-film air mass flow sensor.
This signal represents the air actually flowing into the
internal combustion engine, be it during full engine opera-
tion or during partial engine operation.

0020] The first signal, for instance, is formed by taking
into account the intake manifold pressure, the rotational
speed and the number of the desirably active cylinders. At a
ogrven speed and pressure, for example, the air mass flowing
into the engine will be greater during full engine operation
than 1n partial engine operation.

10021] In the mentioned fault situations, a disproportion
exists between the air mass signal calculated from the signal
of the air mass meter and the air mass signal calculated from
the intake-manifold pressure. To detect the disproportion,
the quotient of both signals 1s low-pass filtered 1n each
engine operating mode and compared with a threshold. The
respective fault 1s set if this threshold 1s exceeded or
undershot. For instance, if the air mass calculated from the
intake-manifold pressure constitutes the numerator and the
measured air mass the denominator, and 1f some cylinders
are undesirably deactivated, the quotient will be greater than
expected. In contrast, if some of the cylinders to be cut off
arc undesirably active, the quotient will be smaller than

expected.

[0022] In one exemplary embodiment of the present
invention, a fault might be inferred if, during desired full
engine operation, the quotient 1s greater than expected, the
fault being verified through an analysis of the wrregular
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running of the mternal combustion engine. As 1s generally
known, the analysis of the rrregular running can be carried
out by evaluating the fluctuations in the angular velocity of
the crankshaft, and may also be additionally used to 1dentily
the affected cylinder. The undesired deactivation of the gas
exchange valves of the affected cylinder during desired full
engine operation causes a loss of the torque contribution of
this cylinder, which occurs periodically and which periodi-
cally brakes, or fails to accelerate, the crankshaft. The
position of the missing acceleration relative to a reference
angle of the crankshaft, such as the dead center of the piston
of the first cylinder during the power stroke, makes 1t
possible to 1dentify the affected cylinder and thus allows a
controlled cut-off of the fuel supply to this cylinder. In
modern motor vehicles, an evaluation of the 1rregular run-
ning 1s already being carried in order to comply with legal
requirements relating to on-board diagnosis of faults rel-
evant to the exhaust gas system, such as combustion misses
in the operation of the internal combustion engines used as
automotive propulsion.

What 1s claimed 1s:

1. A method for monitoring the temporary cut-off function
of the gas exchange valves of individual cylinders or cyl-
inder groups 1n internal combustion engines, 1n which the
cgas exchange valves of the cylinders to be temporarily cut
oil are deactivated in the closed state for the duration of the

[

cut-oft,

wheremn, for monitoring purposes, two signals, which
supply a measure for the the air mass flowing 1nto the
internal combustion engine, are compared, and a dis-
proportion between both signals 1s interpreted as a
malfunction in the described chain of action.

2. The method as recited 1n claim 1, wherein the first
signal 1s provided by an air mass meter, such as a hot-wire
or hot-film air mass meter, and the second signal 1s formed
by considering the intake-manifold pressure, the speed and
the number of cylinders desired to be active.

3. The method as recited 1n claim 1 or 2, wherein, to detect
the misproportion, the quotient of both signals 1s low-pass
filtered 1n each engine operating mode and compared to a

threshold.
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